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An increasing number of people live in the
vicinity of major airports and experience con-
siderable noise and air pollution. Raised blood
pressure (BP) is a major risk factor for coronary
heart disease and the major risk factor for stroke
(Whitworth 2003). Environmental noise is a
signiﬁcant problem in Europe, and it is esti-
mated that roughly 20% of the European
Union’s population (close to 80 million people)
are exposed to noise levels that are considered
unacceptable (European Commission 1996).
Few investigators have studied health
effects associated with exposure to aircraft
noise. Cardiovascular effects due to noise expo-
sure have been studied to some extent, but no
clear exposure–response relations are currently
known (Babisch 2000), although a recent
German study showed an excess risk of
myocardial infarction related to trafﬁc noise,
but only in men (Babisch et al. 2005). An early
European study showed higher treatment rates
for “heart trouble” and hypertension among
residents close to a major airport than among
people living farther away (Knipschild 1977),
and a later review found that hypertension was
more prevalent among individuals living close
to airports (Vacheron 1992). However, results
are equivocal both with respect to BP increases
(Babisch et al. 1990; Lercher et al. 2000; Pulles
et al. 1990) and the prevalence of hypertension
(Bluhm et al. 2001; Eiff and Neus 1980;
Herbold et al. 1989; Knipschild and Sallé
1979; Maschke 2003). A recent cross-sectional
study indicated an exposure–response relation
between residence distance from a Swedish
airport and hypertension (Rosenlund et al.
2001). Similar results were found in a commu-
nity sample around a military airbase on
Okinawa, Japan, and in a cross-sectional sur-
vey around Schiphol airport in Amsterdam,
the Netherlands (Franssen et al. 2004; Matsui
et al. 2004).
In 1999, the World Health Organization
stated that the overall evidence available at the
time suggested a weak association between
long-term noise exposure and BP elevation or
hypertension, and that cardiovascular effects
are associated with long-term exposure to
A-weighted average sound pressure levels
[dB(A)] (LAeq,24hr) throughout the day/night
in the range of 65–70 dB(A) (Berglund et al.
1999). However, a recent German study sug-
gested that trafﬁc noise at lower levels might
increase the risk of myocardial infarction and
high BP, finding an increased odds ratio for
medical treatment of hypertension in subjects
with an exposure during the day/night of
> 60/50 dB(A) compared with subjects with
an exposure < 60/50 dB(A) (Maschke 2003).
Recent studies suggest that nighttime expo-
sure might be particularly relevant for health
(Babisch et al. 1999; Health Council of the
Netherlands 2004; Lercher and Koﬂer 1993;
Maschke 2003).
Stress hormones are useful indicators to
study mechanisms and interactions between
noise and health outcomes such as BP
(Babisch et al. 2001). The cortisol level is a
good indicator of stress (Wust et al. 2000).
Salivary cortisol correlates well with free levels
of cortisol in serum, and correctly collected
saliva samples have the advantage of being
stable for long periods at room temperature
(Hofman 2001), which facilitates their use in
multicenter studies.
Community noise studies have tradition-
ally considered only noise from a single spe-
cific source such as aircraft or road traffic.
However, recent studies suggest that aircraft
noise might be more annoying than road traf-
fic noise (Miedema and Oudshoorn 2001),
but the extent to which the findings from
individual studies can be extrapolated to other
environments is at present unclear. It is not
meaningful to use a total integrated estimate
of noise in studies of nonauditory effects,
because sound energy is not the only factor
that causes stress reactions. Attitudes toward
noise and the activities disturbed by it may
modify the effect of noise quite considerably,
as well as objective characteristics such as time
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An increasing number of people live near airports with considerable noise and air pollution. The
Hypertension and Exposure to Noise near Airports (HYENA) project aims to assess the impact of
airport-related noise exposure on blood pressure (BP) and cardiovascular disease using a cross-
sectional study design. We selected 6,000 persons (45–70 years of age) who had lived at least
5 years near one of six major European airports. We used modeled aircraft noise contours, aiming
to maximize exposure contrast. Automated BP instruments are used to reduce observer error. We
designed a standardized questionnaire to collect data on annoyance, noise disturbance, and major
confounders. Cortisol in saliva was collected in a subsample of the study population (n = 500) strati-
ﬁed by noise exposure level. To investigate short-term noise effects on BP and possible effects on
nighttime BP dipping, we measured 24-hr BP and assessed continuous night noise in another sub-
sample (n = 200). To ensure comparability between countries, we used common noise models to
assess individual noise exposure, with a resolution of 1 dB(A). Modiﬁers of individual exposure,
such as the orientation of living and bedroom toward roads, window-opening habits, and sound
insulation, were assessed by the questionnaire. For four airports, we estimated exposure to air pollu-
tion to explore modifying effects of air pollution on cardiovascular disease. The project assesses
exposure to trafﬁc-related air pollutants, primarily using data from another project funded by the
European Union (APMoSPHERE, Air Pollution Modelling for Support to Policy on Health and
Environmental Risks in Europe). Key words: air pollution, aircraft, blood pressure, hypertension,
noise, road traffic. Environ Health Perspect 113:1473–1478 (2005). doi:10.1289/ehp.8037 
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However, in studies of effects of community
noise, nuisance from other noise sources
should be addressed as independent (or inter-
acting) factors (as is commonly done in envi-
ronmental epidemiologic studies) (Babisch
2002; Babisch et al. 2003; Pulles et al. 1990).
The literature relating hypertension to air
pollution is sparse, and two recently published
studies show contradictory results (Ibald-Mulli
et al. 2004; Zanobetti et al. 2004), but there is
a wealth of literature on air-pollution–related
cardiovascular effects, particularly associated
with short-term changes in particulate air pol-
lution levels (Dockery 2001). A recent study
showed increased cardiopulmonary mortality
associated with living near major roads (Hoek
et al. 2002). However, although mortality was
associated with living near roads, there was less
consistency in the relation with ambient air
pollution concentrations. In spite of this, no
attempts were made to adjust for road-
trafﬁc–related noise. Thus, it may be impor-
tant to assess ambient air pollution exposure as
a possible confounder/effect modifier of the
association between community noise and
cardiovascular risk.
The aim of the Hypertension and Exposure
to Noise near Airports (HYENA) project is
to assess the impacts on cardiovascular health
(primarily reﬂected by high BP) of noise gener-
ated by aircraft and road trafﬁc near six major
European airports (Athens, Greece; Milano/
Malpensa, Italy; Amsterdam/Schiphol, the
Netherlands; Stockholm/Arlanda, Sweden;
Berlin/Tegel, Germany; and London/
Heathrow, UK). The project will identify and
quantify noise exposure in individuals, relating
exposure to prevalence of high BP.
The project will study a subsample of sub-
jects in more detail, recording 24-hr BP (every
15 min) and continuous night noise measure-
ments, to assess the short-term effects of air-
craft noise during nighttime and its effects on
BP nighttime dipping, which is an established
risk factor for cardiovascular disease (Lee et al.
2005; Ohkubo et al. 2002).
The project will evaluate the modifying
effects of trafﬁc-related air pollution [nitrogen
dioxide, particulate matter with aerodynamic
diameter ≤ 10 µm (PM10)] on noise-associated
cardiovascular risk factors and cardiovascular
disease (high BP, ischemic heart disease).
Standardized methods for assessing exposure
and effect are used, and exposure–response
relationships between environmental noise
exposure and health outcomes will be cal-
culated. The project will analyze acute BP
changes related to short-term aircraft noise
exposure (nighttime in particular).
Materials and Methods
Study population and study area. A total of
6,000 persons (men and women, 45–70 years of
age) who have lived at least 5 years in the vicin-
ity of the study airports have been selected using
existing noise contours around the airports, aim-
ing to maximize exposure contrast. The selec-
tion of the study areas was based on existing
data on aircraft noise and road trafﬁc noise lev-
els. Recent aircraft noise contours were avail-
able for Milano/Malpensa, Berlin/Tegel,
Stockholm/Arlanda, London/Heathrow, and
Amsterdam/Schiphol.There was limited infor-
mation for the new Athens airport, but pre-
dicted noise contours have been calculated in
the planning process. The selection process cre-
ated exposure contrast to aircraft noise and
road traffic noise within countries, ensuring
that sufficient numbers of inhabitants in the
appropriate age range had expected exposures
> 60 dB(A) and < 50 dB(A). The preferred noise
distributions, serving as selection guidelines in
the HYENA study, are shown in Table 1.
Road trafﬁc noise may be difﬁcult to pre-
dict because it is a ground-based source with a
complex propagation path from source to
receptor. For the initial selection process of the
study population, we used local noise data to
obtain road traffic exposure classification of
locations and populations. If such data were
unavailable, two simplified methods derived
from more complex models were applied. The
ﬁrst is based on a U.K. method of calculating
noise from roads (Great Britain Department
of Transport 1988) where exposure depends
only on distance to source, speed, and trafﬁc
ﬂow. The second is an adaptation of a Dutch
method (RMV 2002), which, in addition to
the U.K. method, takes into account the num-
bers of cars, small- and medium-size trucks,
and large trucks.
An example of the results of the initial selec-
tion in the Netherlands is given in Table 2.
Based on the distribution of aircraft noise and
road traffic noise in approximately 1 million
homes surrounding Schiphol, the numbers of
homes available for selection in the various
exposure categories are shown in Table 2,
which indicates that in the Netherlands it is
not possible to comply with the current study
demand for 5% of the population to be
exposed to levels ≥ 70 dB(A). However, it is
possible to select some additional homes
< 70 dB(A), so the requirement for 20% of the
population to be exposed to ≥ 65 dB(A) can be
met. The Dutch HYENA study area with the
annual average aircraft noise data for 2001 at
grid level [day-evening-night noise level (Lden)]
and a close-up showing administrative bound-
aries and residential address coordinates are
shown in Figure 1.
In four study areas (Malpensa, Arlanda,
Heathrow, and Athens airports), 24-hr BP and
continuous nighttime noise will be measured in
a subsample (n = 100) of highly exposed people
(> 65 dB) and referents (n = 100; < 50 dB).
Health outcomes. Blood pressure. The
protocol for assessing BP in HYENA is partly
based on protocols previously developed
and used in the large multicenter projects
INTERSALT (International Study of
Electrolyte Excretion and Blood Pressure) and
INTERMAP (International Study of Macro-
and Micronutrients and Blood Pressure)
(Elliott and Stamler 1988).
Until recently the Rz (random zero)
sphygmomanometer has been the standard for
measuring BP in population studies, but the
procedure is prone to errors (Staessen et al.
2000). Automated instruments reduce
observer error and can print out measure-
ments, ensuring that recorded data are accu-
rate (O’Brien 2000). These techniques are
now well established in clinical research and
are increasingly used in occupational and envi-
ronmental medicine (Staessen et al. 2000).
The HYENA study protocol requires that
only validated instruments be used. The pro-
cedures required for the validation have been
thoroughly standardized (O’Brien et al. 2002).
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Table 1. Preferred distributions for aircraft noise
and (in parentheses) for road trafﬁc noise.
Noise level
Cumulative fraction [dB(A)]
0.05 of the population exposed above 70
0.20 (0.25) of the population exposed above 65
0.35 (0.40) of the population exposed above 60
0.45 of the population exposed above 55
0.15 of the population for aircraft
and road trafﬁc noise exposed below 51
Table 2. Air and road trafﬁc noise levels at the facade of houses in an area of 55 × 55 km near Schiphol
Airport in Amsterdam.
LAeq07–23 Lden aircraft noise [dB(A)]
road noise [dB(A)] ≤ 50 51–55 56–60 61–65 66–70 ≥ 71 Total Percent
≤ 45 126,000 19,200 3,750 550 40 0 149,540 12.71
46–50 204,000 31,900 4,800 650 20 0 241,370 20.52
51–55 253,000 44,700 5,800 1,450 200 20 305,170 25.94
56–60 330,000 22,000 2,200 1,600 70 10 355,880 30.25
61–65 98,000 9,100 750 400 40 10 108,300 9.21
66–70 11,000 1,600 150 100 30 10 12,890 1.10
≥ 71 2,800 250 30 100 0 0 3,180 0.27
Total 1,024,800 128,750 17,480 4,850 400 50 1,176,330 100.00
Percent 87.12 10.95 1.49 0.41 0.03 0.00 100.00
LAeq07–23, A-weighted average sound pressure level [dB(A)], day and evening.Specially trained staff members (nurse or
equivalent) measure BP at three occasions dur-
ing a single visit. The visits are distributed over
the day as far as feasible, to account for diurnal
variations in BP. Information about activities
of potential inﬂuence for BP levels during the
assessment day is included in the question-
naire. In a subsample (n = 200), 24-hr BP
measurements are carried out every 15 min,
using validated instruments (Mobilograph;
Numed Cardiac Diagnostics, Shefﬁeld, UK).
Stress hormones. A subsample of the study
population (n = 500) has been identiﬁed, strat-
ified by noise level. The participant gathers
saliva in a test tube the day before the interview
at three occasions; 30 min after awakening,
immediately before lunch, and before going to
bed. The tubes are collected on the day of the
interview. The samples are frozen and kept at a
temperature of at least –20°C until analysis.
The laboratory determines saliva cortisol using
a radioimmunoassay technique and collabo-
rates with a European network for comparisons
of saliva cortisol concentrations in different
populations.
Confounders and effect modiﬁers. A stan-
dardized questionnaire was designed, includ-
ing validated questions on annoyance and
noise disturbance from sources other than air
and road trafﬁc (e.g., neighbors) (Fields et al.
2001; Guski et al. 1999). The questionnaire
also collects data on major well-known con-
founders (e.g., dietary habits, smoking, and
other lifestyle factors as well as occupational
noise exposure) using validated questions
from previous studies.
Noise exposure assessment. The aim of the
noise exposure assessment is to determine
individual exposure to aircraft and road trafﬁc
noise for each participant, using noise models
and noise maps, calculating noise load at grid
level. The noise model will calculate required
noise levels with a resolution of 1 dB(A). Grid
size depends on noise source (the best calcula-
tion for aircraft is 250 × 250 m, and for road
trafﬁc 10 × 10 m).
Since the start of the HYENA project,
much progress has been made in the European
Union on the harmonization of noise indica-
tors, calculations, and mapping. Directive
2002/49/EC (European Commission 2002)
obliges E.U. members to produce noise maps
before 2007 for their larger agglomerations
(> 250,000 inhabitants). Therefore, road traf-
ﬁc noise maps will be available for some study
areas in the HYENA project. The directive
selected Lden and LAeq 2300–0700 hr (Lnight)
as the common noise indicators, and methods
for noise modeling are described. Current
exposure to aircraft and road trafﬁc noise will
be calculated for separate periods of the day
[LAeq 0700–1900 hr (Lday), LAeq 1900–2300
hr (Levening), Lnight], which enables the calcula-
tion of combinations of the three indicators,
including LAeq,24hr. These time periods are
default values that can be modiﬁed according
to differences between countries (Directive
2002/49/EC); the day–evening–night level
(Lden) is defined by the formula given in
Equation 1:
[1]
We selected the year 2002 as reference for
assessment of current levels of aircraft and road
trafﬁc noise. It is assumed that the noise levels
in this year are representative of the 5-year time
period preceding the health status assessment.
If not, teams are allowed to choose another
representative year for this period.
Noise exposure will be assessed for each
participant by linking home addresses to
modeled aircraft and road trafﬁc noise levels.
Therefore, knowledge about the exact place
of residence of the participants is needed.
Address coordinates will be entered in a geo-
graphic information system. The difference
between noise load at the facade of the sleep-
ing room and that of the living room will be
evaluated for road traffic noise. For aircraft
noise, this difference is negligible.
Modiﬁers of individual exposure, such as
the orientation of living and bedroom toward
roads, window-opening habits, and sound
insulation, are assessed during the home visits,
using questionnaires and visual inspection.
Based on this information, subjects with the
same noise level at the front of the house will
be stratiﬁed according to room orientation. In
urban situations, where streets commonly are
the predominant noise sources, attenuation of
sound levels could be expected between the
front and the back of a detached house of (at
least) 10 dB(A), and (at least) 20 dB(A) for a
terraced house. These attenuation levels will
be adapted to each local situation.
Historical exposure to aircraft and road
traffic noise over the past 5–10 years will be
assessed if feasible. Modeling will not be per-
formed for the years before 2000, but existing
noise data will be used for the historical expo-
sure assessment, when available. As a conse-
quence, historical data might be available in
local noise indicators only obtained with local
noise models. To ensure cross-country com-
parability, these data will be converted to the
noise indicators Lden, Lnight, and LAeq,24hr. For
the conversion, we will model noise levels for
the reference year (default 2002) using local
models as well as the standard models used in
HYENA. Based on a local comparison of
model results, historical data will be adjusted to
the results of the standard models. Cumulative
exposure estimates will be computed by com-
bining the individual (historical) residence
noise data with the number of years spent at
each address.
To facilitate comparability between the
HYENA countries, a common noise model will
be used to assess current exposure to aircraft
noise. Internationally, the integrated noise
model (INM) is at present the most accepted
model and will serve as the standard model for
assessment of current exposure. For the assess-
ment of aircraft noise, information about air-
port, aircraft ﬂeet, and runway use is essential,
and data on ﬂight tracks and ﬂight procedures
need to be collected, as well as meteorologic
data and, if applicable, terrain elevation. Flight
tracks will be based on radar tracks, represent-
ing the actual ﬂown ﬂight tracks. Flight proﬁles
can be based on nominal (International Civil
Aviation Organization/INM) profiles. The
minimum output of the noise model will be
the required noise levels with a resolution of
1 dB(A) on a grid with a minimum resolution
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Figure 1. Study area with aircraft noise data at grid level (Lden, 2001) and a close-up showing administrative
boundaries and residential address coordinates.
< 40 dB(A)
40-45 dB(A)
45-50 dB(A)
50-55 dB(A)
> 55 dB(A)of 250 × 250 m. Where feasible, the model esti-
mates will be validated by noise measurements.
Road traffic noise assessment is less uni-
form among countries. Therefore, locally
used models are more tailored to each local
situation, emphasizing the collection of good
quality data. The European Commission’s
Working Group Assessment of Exposure to
Noise recently published The Good Practice
Guide for Strategic Noise Mapping (GPG)
(European Commission WG-AEN 2003) to
facilitate the production and comparability of
road noise mapping. The GPG contains a tool
kit that enables evaluation of the relevant
input data with regards to validity and accu-
racy. HYENA countries will use the tool kits
included in the GPG.
Countries preferring to use another noise
model could use the European interim model
on road noise, the French national computa-
tion method (CERTU/CSTB/LCPC/SETRA
1997). However, because this model is detailed
and complex, HYENA countries may also con-
sider the use of the less complicated models
such as the German model RLS-90 (Schade
2004). The GPG recommends that the noise
model should at least be able to calculate ﬁrst-
order reﬂections. If necessary, adjustment for
reﬂections could be applied to any (grid-based)
noise level to determine noise exposure for
people living in dwellings. Although an adjust-
ment is a compromise and will cause some
inaccuracies, the GPG states that inaccuracies
due to data deﬁciencies are likely to be much
more signiﬁcant.
For the study of short-term effects on BP,
noise exposure will be assessed indoors during
the night, using a type 1 noise meter (CESVA
SC310; CESVA Instruments, SL, Barcelona,
Spain), which records noise levels eight times
per second, complemented by noise recording,
using mp3 players, to allow characterization of
the noise source (e.g., aircraft, trafﬁc, indoor).
Air pollution exposure assessment. For
four airports (Athens, Malpensa, Schiphol,
and Heathrow), exposure to air pollution
from both aircraft and road traffic will be
assessed to explore possible confounding and
interactive effects of air pollution on cardio-
vascular disease. For each of these airports,
exposures to traffic-related air pollutants
(NO2, PM10) will be assessed, using results
from another E.U.-funded project (Air
Pollution Modelling for Support to Policy on
Health and Environmental Risks in Europe;
APMoSPHERE). Additional modeling will
be performed at some airports. Modeled esti-
mates will be validated by monitored data.
In APMoSPHERE, 1-km-resolution
emission maps of PM10, sulfur dioxide,
nitrous oxides (NOx), and carbon monoxide,
by source sector, are being developed for all
E.U. countries, using data on source distribu-
tion and activity, together with other proxies
(e.g., population density) to redistribute
national emission totals to local levels.
Emissions from most source sectors are mod-
eled as point or area sources, or some combi-
nation of the two. Data on point sources are
derived from the 2001 European Pollutant
Emission Register database (European
Commission 2001).
Road transport represents a major source of
emission for the pollutants relevant for
HYENA (PM10, NOx). Thus, speciﬁc atten-
tion needs to be given to estimation of emis-
sions from road transport. Initially, total
emissions for each pollutant by vehicle type are
obtained, as well as data on the distribution of
vehicle types by road type. These are used to
subdivide the total emissions by vehicle type
into three categories: highways (motorways)
and urban and rural roads. Separate calcula-
tions are made for urban and rural roads, and
the population weights thus computed are
used to redistribute the urban and rural emis-
sions across the road network. Maps are inte-
grated to provide a total emission from all
vehicle types across all roads.
For airports, data on location and activity
are available for each E.U. country. Emissions
are estimated on the basis of source area and
the level of airport activity. Detailed area data
are not available for all airports; therefore,
three size classes are applied where these data
are lacking: large (25 km2) for major interna-
tional airports, such as Heathrow; medium
(9 km2) for smaller international airports; and
small (1 km2) for local and regional airports.
Only emissions from aircraft ground move-
ments, take-off, and landing are considered.
However, for the airports where detailed mod-
eling will be undertaken (e.g., Heathrow),
ground traffic will be included, and we will
establish how much this will add to air pollu-
tion concentrations. Total national emissions
within this sector are thus disaggregated to
specific grid squares using activity-weighted
areas.
For each participant in the HYENA air
pollution substudy (n = 4,000), exposure esti-
mates will be made by modeling mean annual
and 95th percentile concentrations outdoors
at the place of residence. Cumulative air pol-
lution exposure estimates will be computed
for each HYENA study participant by inte-
grating place of residence, time spent at each
address, and exposure data.
Study power and statistical analysis. To
detect a mean difference of 3 mmHg systolic
BP (140 vs. 143 mmHg, SD = 20 mmHg)
between groups in this cross-sectional study,
approximately 700 persons are needed per
group to achieve 80% power. Similarly, a
mean difference of 2 mmHg diastolic BP
(85 vs. 87 mmHg, SD = 12 mmHg) can be
detected with approximately 600 persons per
group. Thus, our study has sufficient power
to detect small differences in BP potentially
resulting from noise exposure.
We will analyze BP in relation to noise
levels in each country and then pool the
results in the ﬁnal analyses using a ﬁxed-effects
model. We will analyze the impact of work-
related noise by stratifying on occupational
noise exposure assessed by the questionnaire.
Individuals using antihypertensive drugs will
be analyzed separately. Certain indoor envi-
ronment characteristics (e.g., double glazing)
will modify outdoor exposure and will be
taken into account by stratiﬁed analysis.
Discussion
Previous studies that have indicated possible
associations with airport-related noise and car-
diovascular effects most often focused on one
airport with relatively small study populations,
as noted in an editorial accompanying the
study on the Swedish airport (Rosenlund et al.
2001). The editorial suggested that a larger
multicenter study was needed to test the
hypothesis that airport-generated noise may
give rise to raised BP (Pattenden 2001). The
HYENA study has taken these suggestions into
account as well as combining a large study size
with a thorough exposure assessment to
achieve maximum resolution in the analysis.
Selection of study areas. The selection of
study areas involved a number of deliberations
to minimize confounding and ensure compara-
bility between countries. Where feasible, we
avoided areas where substantial changes in
noise exposure had occurred (or would occur)
in previous (or coming) years, and we chose
areas with suitable noise data, such as road traf-
fic intensity and speed. We aimed to select
areas with low migration and to avoid areas
with sound insulation programs, where feasi-
ble. Finally, we aimed to avoid areas with other
sources of noise exposure (e.g., rail, industry)
and to choose areas with similar socioeconomic
status within countries. Nevertheless, some dif-
ferences in socioeconomic status between areas
are unavoidable and will be controlled for in
the analyses.
Noise modeling. Although the INM model
is the most widely used, some countries may
prefer to use their own model, such as the
U.K. ANCON (Aircraft Noise Contour
model) (Ollerhead 1992). However, the mod-
els are very similar, the computation methods
being essentially identical, using industry-sup-
plied data to relate aircraft thrust and height
with noise emission for individual aircraft
types. At London airports, more than one-
third of movements are made by aircraft with
no matching INM noise power distance data
available (Jopson et al. 2002).
The study areas vary among HYENA
countries, from urban areas with highly dense
populations (Germany and United Kingdom)
to mixed (Sweden and the Netherlands) and
Jarup et al.
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there is a marked difference in the complexity
of the modeling of road traffic noise, where
the more urban areas necessitate a more
detailed approach because of complex factors
such as attenuation and reﬂection.
Before the adoption of Directive 2002/
49/EC, almost every country in the European
Union had its own national noise model. The
adaptation of the noise directive will facilitate
noise exposure assessment in the HYENA
study and contribute to achieving comparable
estimates between countries. We are aware that
the simplified methods for road traffic noise
modeling ignore important modifying factors
such as type of road surface, barriers, accelera-
tion near crossing, and surface reﬂection, but
we believe this not to be a major problem for
the selection of eligible study participants.
The quality of the noise modeling together
with the use of the GPG should fulfill the
requirements of the HYENA project. However,
for home addresses with relatively low road traf-
fic noise exposure, the noise exposure assess-
ment may become inaccurate, because of
deviations in the input data despite the use of
the GPG. For example, trafﬁc intensity might
be so low that small deviations from the ﬂows
could result in large effects in the calculated
noise load. Because input data are critical for
the modeling of road traffic noise, HYENA
countries will aim for the highest possible accu-
racy, when selecting the data collection meth-
ods according to the tool kits in the GPG.
Air pollution. Airports generate both air
pollution and noise. Aircraft movements are a
major source of noise, whereas much of the
air pollution (NO2, PM10) is associated with
road transport related to airport activities. As
a result, the geographic patterns of noise and
air pollution near the airport tend to differ,
with noise pollution following the main ﬂight
paths at take-off and landing, and air pollu-
tion often showing a more regional distribu-
tion, determined by the network of feeder
roads. These spatial differences in the two
pollutants provide the opportunity to exam-
ine their independent and interactive effects.
Exposure misclassification. As in all epi-
demiologic studies, the HYENA study will
suffer from a degree of exposure misclassiﬁca-
tion due to uncertainties in modeling noise
levels from transport. However, a doubling of
traffic will account for an increase of only
3 dB(A). Given an exposure range of about
45–75 dB(A), the impact on the analyses will
probably not be substantial. Nevertheless, it is
clear that the rather complex modeling
involved will give rise to uncertainty, which
we will assess by performing sensitivity analy-
ses in the ﬁnal data analysis.
Blood pressure measurements. Single
measurements or multiple readings taken by
an observer at one or even several times
through the day may reflect a subject’s true
BP only to a minor extent (Staessen et al.
2000). Nevertheless, this method has com-
monly been used in environmental epidemi-
ology. Ambulatory BP monitoring makes
it possible to record the BP throughout the
whole day in patients engaged in their normal
activities and provides a reliable estimate of
their BP over a 24-hr period. However,
although 24-hr monitoring is preferable, the
costs are usually prohibitive when the study
population is large.
Stress hormones. Three aspects of saliva
cortisol assessments are crucial in relation to
reactions to long-lasting stressors such as air-
craft noise. First, as long as subjects have
retained ability to up-regulate cortisol, levels
may become elevated. This may be particu-
larly relevant during the early morning hours.
Second, when the life situation has been dis-
turbed for a long time, the ability to down-
regulate cortisol may be inhibited. This is
particularly relevant during the late hours
when cortisol excretion in normal subjects is
much lower than during the early hours
immediately after awakening. Finally, it is
believed that subjects who have suffered from
severe stressors for a long time may have
exhausted the ability of the cortisol system to
regulate in the normal way. In such cases, lev-
els become abnormally low and show very lit-
tle variation. Saliva cortisol measurements may
show high and low levels, and high as well as
low variability during exposure to long-lasting
stressors. The exhausted group, however, is
small in most studies of normal populations.
Therefore, long-lasting stressor exposure may
result in elevated cortisol levels, and perhaps
lowered ability to decrease levels at night
before bedtime.
Saliva sampling has the advantage above
collection of blood specimens in that it is easy
and cheap to administer. The study subjects
can easily be instructed to collect samples
themselves. Hence, many samples can be col-
lected, and this makes it possible to study cir-
cadian disturbances in cortisol regulation.
Short-term effects of night noise and BP
dipping. Numerous laboratory studies have
investigated sleep disturbances by acute noise;
the effects on BP have been rarely assessed,
and only a few field studies have been pub-
lished (Babisch 2002). We will study short-
term effects of noise on BP in 200 subjects,
primarily to explore a possible link between
short- and long-term effects through the inhi-
bition of nighttime BP dipping, which is an
established risk factor for cardiovascular dis-
ease (Lee et al. 2005; Ohkubo et al. 2002).
We will compare day and night average BP
levels and examine the association of night-
time BP to the average noise levels in the bed-
room, assessing effects of aircraft noise and
other noise sources separately.
Conclusion
To our knowledge, the HYENA study is the
ﬁrst large multicenter study designed to assess
the effects of exposure to aircraft and road
trafﬁc noise on BP and cardiovascular disease,
as well as possible modifying effects of expo-
sure to air pollution. Study airports are located
in several different European countries offer-
ing a wide range of noise exposure, ensuring
exposure contrast and cross-country variations
(e.g., due to cultural and climate differences),
which will be addressed in the analysis. Final
results can be expected in 2007.
REFERENCES
Babisch W. 2000. Traffic noise and cardiovascular disease:
epidemiological review and synthesis. Noise Health
8:9–32.
Babisch W. 2002. The noise/stress concept, risk assessment
and research needs. Noise Health 4:1–11.
Babisch W, Beule B, Schust M, Kersten N, Ising H. 2005. Trafﬁc
noise and risk of myocardial infarction. Epidemiology
16:33–40.
Babisch W, Fromme H, Beyer A, Ising H. 2001. Increased cate-
cholamine levels in urine in subjects exposed to road trafﬁc
noise: the role of stress hormones in noise research.
Environ Int 26:475–481.
Babisch W, Ising H, Gallacher JEJ. 2003. Health status as a
potential effect modifier of the relation between noise
annoyance and incidence of ischaemic heart disease.
Occup Environ Med 60:739–745.
Babisch W, Ising H, Gallacher JEJ, Elwood PC, Sweetnam PM,
Yarnell JWG, et al. 1990. Trafﬁc noise, work noise and car-
diovascular risk factors: the Caerphilly and Speedwell col-
laborative heart disease studies. Environ Int 16:425–435.
Babisch W, Ising H, Gallacher JEJ, Sweetnam PM, Elwood PC.
1999. Trafﬁc noise and cardiovascular risk: the Caerphilly
and Speedwell studies, third phase—10-year follow up.
Arch Environ Health 54:210–216.
Berglund B, Lindvall T, Schwela DH, eds. 1999. Guidelines for
Community Noise. Geneva:World Health Organization.
Available: http://whqlibdoc.who.int/hq/1999/a68672.pdf
[accessed 23 February 2005].
Bluhm G, Nordling E, Berglind N. 2001. Increased prevalence of
hypertension in a population exposed to road trafﬁc noise.
In: Internoise 2001: Proceedings of the 2001 International
Congress and Exhibition on Noise Control Engineering
(Boone R, ed). Maastricht, the Netherlands:Nederlands
Akoestisch Genootschap, 1563–1566.
CERTU/CSTB/LCPC/SETRA. 1997. Bruit des infrastructures
routières: Méthode de calcul incluant les effets météor-
ologiques, version expérimentale, NMPB-routes-96. Lyon,
France:Centre d’études sur les réseaux, les transports, l’ur-
banisme et les constructions publiques.
Dockery DW. 2001. Epidemiologic evidence of cardiovascular
effects of particulate air pollution. Environ Health Perspect
109:483–486.
Eiff AWv, Neus H. 1980. Verkehrslärm und Hypertonie-Risiko. 1.
Mitteilung: Verkehrslärm und Hypertonie-Risiko [In
German]. Munch Med Wochenschr 122:893–896.
Elliott P, Stamler R. 1988. Manual of operations for “INTER-
SALT” an International Cooperative Study on the Relation
of Sodium and Potassium to Blood Pressure. Control Clin
Trials 9:1S–118S.
European Commission. 1996. Green Paper: Future Noise Policy.
Brussels:European Commission.
European Commission. 2001. EPER (European Pollutant
Emission Register). Available: http://eper.cec.eu.int/eper/
[accessed 5 September 2005].
European Commission. 2002. Directive 2002/49/EC of the
European Parliament and of the Council of 25 June 2002
relating to the assessment and management of environ-
mental noise. Ofﬁcial Journal of the European Communities
L189 of 18.7.2002, 12–25.
European Commission WG-AEN (Working Group Assessment
of Exposure to Noise). 2003. Good Practice Guide for
Strategic Noise Mapping and the Production of Associated
Data on Noise Exposure Position Paper. Version 1.
HYENA study design and noise exposure assessment
Environmental Health Perspectives • VOLUME 113 | NUMBER 11 | November 2005 1477Available: http://europa.eu.int/comm/environment/noise/
pdf/best_practice_guide.pdf [accessed 5 September 2005].
Fields JM, De Jong RG, Gjestland T, Flindell IH, Job RFS, Kurra S,
et al. 2001. Standardized general-purpose noise reaction
questions for community noise surveys: research and rec-
ommendation. J Sound Vib 242:641–679.
Franssen EAM, van Wiechen CMAG, Nagelkerke NJD, Lebret E.
2004. Aircraft noise around a large international airport and
its impact on general health and medication use. Occup
Environ Med 61:405–413.
Great Britain Department of Transport. 1988. Calculation of Road
Trafﬁc Noise. London:Her Majesty’s Stationery Ofﬁce.
Guski R, Felscher-Suhr U, Schuemer R. 1999. The concept of
noise annoyance: how international experts see it. J Sound
Vib 223:513–527.
Health Council of the Netherlands. 2004. The Inﬂuence of Night-
time Noise on Sleep and Health. Report No. 2004/14E. The
Hague:Gezondheidsraad.
Herbold M, Hense HW, Keil U. 1989. Effects of road trafﬁc noise
on prevalence of hypertension in men: results of the
Luebeck Blood Pressure Study. Soz Praventivmed 34:19–23.
Hoek G, Brunekreef B, Goldbohm S, Fischer P, van den Brandt
PA. 2002. Association between mortality and indicators of
traffic-related air pollution in the Netherlands: a cohort
study. Lancet 360:1203–1209.
Hofman LF. 2001. Human saliva as a diagnostic specimen. J Nutr
131:1621S–1625S.
Ibald-Mulli A, Timonen KL, Peters A, Heinrich J, Wolke G, Lanki
T, et al. 2004. Effects of particulate air pollution on blood
pressure and heart rate in subjects with cardiovascular
disease: a multicenter approach. Environ Health Perspect
112:369–377.
Jopson I, Rhodes D, Havelock P. 2002. Aircraft noise model val-
idation—how accurate do we need to be? Paper pre-
sented at Institute of Acoustics conference Action on
Environmental Noise; 13 November 2002; Stratford upon
Avon, UK. Available: http://www.caa.co.uk/docs/68/dap_
ercd_1102_modelaccuracy.pdf [accessed 5 September
2005].
Knipschild P. 1977. Medical effects of aircraft noise: community
cardiovascular survey. Int Arch Occup Environ Health
40:185–190.
Knipschild P, Sallé H. 1979. Road trafﬁc noise and cardiovascular
disease. Int Arch Occup Environ Health 44:55–59.
Lee KW, Blann AD, Lip GY. 2005. High pulse pressure and nondip-
ping circardian blood pressure in patients with coronary
artery disease: relationship to thrombogenesis and endothe-
lial damage/dysfunction. Am J Hypertens 18:104–115.
Lercher P, Kofler W. 1993. Adaptive behavior to road traffic
noise blood pressure and cholesterol. In: Noise and Man
’93, Proceedings of the 6th International Congress on Noise
as a Public Health Problem, Nice 1993 (Vallet M, ed).
Arcueil, France:Institut National de Recherche sur les
Transports et leur Sécurité, 465–468.
Lercher P, Widmann U, Koﬂer W. 2000. Transportation noise and
blood pressure: the importance of modifying factors. In:
Proceedings of the 29th International Congress and
Exhibition on Noise Control Engineering (Cassereau D, ed).
InterNoise 2000, Vol 4. Nice, France:Sociéte Francaise
d’Acoustique, 2071–2075.
Maschke C. 2003. Epidemiological research on stress caused by
trafﬁc noise and its effects on high blood pressure and psy-
chic disturbances. In: Proceedings of the 8th International
Congress on Noise as a Public Health Problem (Jong RD,
Houtgast T, Franssen EAM, Hofman W, eds). Shiedam, the
Netherlands:Foundation ICBEN, 96–101.
Matsui T, Uehara T, Miyakita T, Hitamatsu K, Osada Y,
Yamamoto T. 2004. The Okinawa study: effects of chronic
aircraft noise on blood pressure and some other physio-
logical indices. J Sound Vib 277:469–470.
Miedema HM, Oudshoorn CG. 2001. Annoyance from trans-
portation noise: relationships with exposure metrics DNL
and DENL and their confidence intervals. Environ Health
Perspect 109:409–416.
O’Brien E. 2000. Replacing the mercury sphygmomanometer
requires clinicians to demand better automated devices.
BMJ 320:815–816.
O’Brien E, Pickering T, Asmar R. Myers M, Parati G, Staessen
J, et al. 2002. International protocol for validation of blood
pressure measuring devices in adults. Working Group on
Blood Pressure Monitoring of the European Society of
Hypertension. International Protocol for validation of blood
pressure measuring devices in adults. Blood Press Monit
7:3–17.
Ohkubo T, Hozawa A, Yamaguchi J, Kikuya M, Ohmori K,
Michimata M, et al. 2002. Prognostic significance of the
nocturnal decline in blood pressure in individuals with and
without high 24-h blood pressure: the Ohasama study.
J Hypertens 20:2183–2189.
Ollerhead JB. 1992. The CAA Aircraft Noise Contour Model:
ANCON Version 1. DORA Repeort 9120. London:Civil
Aviation Authority.
Pattenden S. 2001. Air traffic noise and hypertension in
Stockholm County [Editorial]. Occup Environ Med 58:761.
Pulles MPJ, Biesiot W, Stewart R. 1990. Adverse effects on
environmental noise ion health: an interdisciplinary
approach. Environ Int 16:437–445.
RMW (Reken- en Meetvoorschrift Wegverkeerslawaai). 2002.
Ministry of Housing, Spatial Planning and the Environment
[in Dutch]. Staatscourant 62:27 maart 2002, the Netherlands.
Rosenlund M, Berglind N, Pershagen G, Järup L, Bluhm G. 2001.
Increased prevalence of hypertension in a population
exposed to aircraft noise. Occup Environ Med 58:769–773.
Schade LR. 2004. Genauigkeit und Eindeutigkeit: Ein Vergleich
des französischen Berechnungsverfahrens für
Geräuschimmissionen durch Strassenverkehr mit seinem
deutschen Pendant [In German]. Z Lärmbekämpfung
51:39–47.
Staessen JA, O’Brien ET, Thijs L, Fagard RH. 2000. Modern
approaches to blood pressure measurement. Occup
Environ Med 57:510–520.
Vacheron A. 1992. Cardiovascular effects of noise [in French].
Bull Acad Natl Med 176:387–392.
Whitworth JA. 2003. World Health Organization (WHO)/
International Society of Hypertension (ISH) statement on
management of hypertension. J Hypertens 21:1983–1992.
Wust S, Federenko I, Hellhammer DH, Kirschbaum C. 2000.
Genetic factors, perceived chronic stress, and the free corti-
sol response to awakening. Psychoneuroendocrinology
25:707–720.
Zanobetti A, Canner MJ, Stone PH, Schwartz J, Sher D, Eagan-
Bengston E, et al. 2004. Ambient air pollution and blood
pressure in cardiac rehabilitation patients. Circulation
110:2184–2189.
Jarup et al.
1478 VOLUME 113 | NUMBER 11 | November 2005 • Environmental Health Perspectives